A large number of yeasts, including a variety of species other than Candida albicans, were isolated from clinical specimens. C. tropicalis and Torulopsis glabrata were each found one-third as frequently as C. albicans. A schema is presented which made possible, by simple procedures, the identification of the great majority of the isolated yeasts. Preliminary isolation and differentiation was aided by the use of molybdate-agar medium. The use of the schema by diagnostic bacteriological laboratories is discussed.
In earlier studies in this laboratory, the usefulness of the molybdate-agar medium of MacLaren and Armen (6) as a selective and differential medium for yeasts was confirmed and extended. Based on the reactions produced by the growth of some 20 different species on this medium, a chart for preliminary differentiation of yeasts was derived (3) . Since then, other laboratories have attested to the practical advantages of the medium (2, 4) .
The continued use of molybdate-agar medium in the diagnostic bacteriological laboratory of the Massachusetts General Hospital has provided an opportunity to observe the reactions, on the medium, of a large number of yeasts isolated from clinical specimens and identified by classical mycological techniques. From an analysis of more than 1,400 cultures thus observed, a simplified methodology for the identification of yeasts was developed; this method employs molybdate-agar medium and requires a minimum of subsidiary identification procedures.
This schema and a discussion of its application in the routine diagnostic bacteriology laboratory are presented in this report.
MATERLUS AND METHODS Media. Molybdate-agar medium was prepared according to the method of MacLaren and Armen (6) . It must be emphasized that the basic medium must be cooled to 50 C before the addition of molybdic acid. Rice-Tween 80 agar was prepared according to the method of Taschdjian (8) , except where otherwise stated; the Chlamydospore Agar of Nickerson and Mankowski (7) and Corn Meal Agar were prepared from commercial dehydrated media (Difco). They were poured into plastic petri dishes (100 by 10 mm) and were inoculated by cutting through the agar; the cultures were incubated in a moist chamber at room temperature for 5 days before being discarded. The cultures were examined daily through the bottom of the dish under low power magnification for chlamydospores and for the presence or absence of pseudomycelia. Nutrient agar was prepared from commercial dehydrated media.
Carbohydrate utilization tests. Fermentation tests were performed in 1% yeast extract broth containing bromothymol blue and 1% of the test carbohydrate. Sterile tubes (10 by 125 mm) containing 4.5 ml of the yeast extract broth were prepared in advance and stored in the refrigerator. Just prior to use, 0.5 ml of a 10% concentration of the appropriate sterile carbohydrates was added aseptically, as needed, to the tubed basal medium. The tubes were inoculated by adding two drops of a light yeast suspension prepared from cultures grown on nutrient agar. A 0.5-inch (1.27 cm) layer of melted sterile paraffin-vaseline (1:1) was pipetted over the surface of the inoculated media; disturbance of this seal occurs when gas [in yeasts, the standard criterion of fermentation (5)] is liberated from the culture medium. Fermentation tests were incubated at 37 C for 10 days before being considered negative (complete absence of gas).
Assimilation of carbohydrates was tested by preparing pour plates with 2 ml of ten times concentrated Yeast Nitrogen Base (Difco), 18 b Includes T. dattila (12 strains), T. stellata (3), T. sake (6), T. holmii (4), T. famata (2), T. gropensiensis (2), T. versatilis (2), T. lactis-condensis (1), species not known (2) .
-Cultures referred to as Geotrichum-like probably include Trichosporon species. spective carbohydrates after incubation for 2 days at room temperature. Nitrate assimilation tests were performed by the method of Lodder and Kreger-Van Rij (5) with Yeast Carbon Base (Difco) as nutritive source in 3% agar.
Yeasts. Included in the study were 1,443 cultures of fungi, the majority of which were yeasts. Of these, 658 were isolated from sputum, tracheal aspirate, or swabs of the throat or mouth; 397 were isolated from urine; 87 were isolated from vaginal specimens; 55 were isolated from body fluids; and 246 were isolated from other sources. About 15% of the yeasts were obtained from cultures planted specifically for fungi; the majority of the organisms were isolated from routine bacteriological cultures in which yeast colonies were present in moderate to abundant quantities (i.e., more than 30 colonies). Identification of species was made according to the system of Lodder and Kreger-Van Rij (5) . (3) . Further subculturing and other procedures for identification were determined by the character of the growth and the reactions produced on these media, as will be described presently. Table 1 lists the numbers of strains of each species of yeast isolated from clinical specimens in this hospital during a 12-month period. The majority of these organisms were identified by classical methods using a complete series of auxanographic assimilation and fermentation tests. It should be noted that 73% of the strains isolated belonged to the three species Candida albicans, C. tropicalis, and Torulopsis glabrata.
RESULTS
Taking into consideration the frequency with which the respective species were encountered, a schema for the differentiation and identification of the most commonly occurring yeasts was devised.
This schema, based on the appearance of colonies on molybdate-agar medium and on a few simple morphological and biochemical criteria, is presented in Fig. 1 as, essentially, a dichotomous key. The percentage figures at each dichotomy of the key were derived from 1,310 of the 1,443 cultures (listed in Table 1 ) to which the schema applies. These figures are included to provide a basis for evaluation of the practicability of pursuing identification of unknown strains beyond a given point in the chart.
It should be noted that the first differentiation of cultures in Fig. 1 segregated, on the basis of colony coloration on molybdate-agar medium, the frequently occurring T. glabrata and the important pathogen Cryptococcus neoformans. The Candida species which form colorless colonies were recognized by pseudomycelium formation, which may be observed in either the original culture or in the subcultures on molybdate-agar or Sabouraud agar medium. C. krusei, the most frequently occurring of these rarer Candida species, was the only Candida species that we have Yeasts producing colored colonies on molybdate-agar almost invariably fall into the classifications of Holland and Kunz (3): I B (green colony with no surrounding zone of opacity), II B (green with zone of opacity), and II C (blue with zone of opacity). Since the majority of these organisms are usually found to be either C. albicans or C. tropicalis, and since C. albicans, in our material, was three times as frequent as C. tropicalis, it was practical for us to subculture all of the colored macrocolonies from molybdateagar to rice-Tween 80 medium after 24 hr, even before the extracellular reactions on molybdateagar medium were discernible. The formation of pseudomycelia and chlamydospores established the identity of C. albicans.
The preliminary differentiation of cultures on molybdate-agar determined the subsequent procedures used for further identification of the more rarely found organisms indicated under the headings I B, II B, and II C in Fig. 1 . Identification of species in this section of the chart depended on a short series of fermentation tests which are little more difficult to perform than the fermentation tests used in the identification of bacteria. Because the series are somewhat abbreviated, chances of error in identification are, of course, somewhat increased.
Twenty-five per cent of the strains of C. albicans were identified by criteria other than chlamydospore production. Although it is not known whether all strains of C. albicans produce chlamydospores, it was evident from our observations that many strains produce chlamydospores on one medium and not on another, or on one occasion and not on another, when subcultured at different times on the same medium. Chlamydospore production by C. albicans, a very useful identification procedure, has been the subject of continued investigation in this laboratory. Preliminary comparisons have shown that rice-Tween 80 agar and Corn Meal Agar are approximately equal in value but both are greatly superior to chlamydospore agar. A medium containing a mixture of extracts of rice and of corn meal has proved to be better than either medium above (1) . Perhaps even more useful for the easy, rapid identification of C. albicans is the demonstration of germ-tube production (9) Although it is based on incomplete characterization of certain organisms, the degree of error incurred by the chance appearance of less frequent species can be estimated. From the frequency of occurrence of the various species listed in Table 1 and indicated in Fig. 1 , decisions can be rationally made as to the extent to which the schema should be adapted or modified in accordance with the resources of an individual laboratory.
Naturally, the application of this schema to laboratories in other hospitals assumes the same frequency of occurrence of the various species as in our clinical material. Although this may be assumed to be the same for similar types of institutions, it will obviously depend on many factors such as the number of patients being subjected to various types of surgery, the use of irradiation, treatment with antibiotics, steroids, and immunosuppressive drugs, as well as to other factors.
